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Q: What is paƌaƋuat poisoning? 

A: IŶtƌoduĐed iŶ ϭϵϲϮ, paƌaƋuat is the ŵost iŵpoƌtaŶt of the ďipǇƌidǇl faŵilǇ of 
ŶoŶseleĐtiǀe heƌďiĐides. IŶ a ϭϵϳϳ ƌeǀieǁ ďǇ HaƌleǇ et al., aďout ϲϬϬ deaths 
ǁoƌldǁide ǁeƌe due to aĐĐideŶtal oƌ iŶteŶtioŶal iŶgestioŶ [ϭ]. The ϭϵϵϰ ƌepoƌt of the 
AŵeƌiĐaŶ AssoĐiatioŶ of PoisoŶ ĐoŶtƌol CeŶtƌes ƌeǀealed that the aĐĐideŶtal eǆposuƌe 
appeaƌed to ďe iŶĐƌeasiŶg iŶ the US [Ϯ] ReĐeŶtlǇ, theƌe haǀe ďeeŶ soŵe ƌepoƌts of 
hoŵiĐidal poisoŶiŶg ďǇ paƌaƋuat [ϯ].  

PaƌaƋuat is aǀailaďle iŶ a liƋuid ĐoŶĐeŶtƌate as gƌaŶules desigŶed to ďe dissolǀed iŶ 
ǁateƌ aŶd used as aŶ aeƌosol. PaƌaƋuat eǆeƌts its heƌďiĐidal aĐtiǀitǇ ďǇ iŶteƌfeƌiŶg ǁith 
iŶtƌaĐellulaƌ eleĐtƌoŶ tƌaŶsfeƌ sǇsteŵs, theƌeďǇ iŶhiďitiŶg ƌeduĐtioŶ of NADP to 
NADPH duƌiŶg photosǇŶthesis. This leads to the foƌŵatioŶ of supeƌoǆide, siŶgle 
oǆǇgeŶ, aŶd hǇdƌoǆǇl aŶd peƌoǆide ƌadiĐals. Theiƌ pƌeseŶĐe Đause the destƌuĐtioŶ of 
lipid Đell ŵeŵďƌaŶes ďǇ polǇŵeƌizatioŶ of uŶsatuƌated lipid ĐoŵpouŶds. HuŵaŶ 
toǆiĐitǇ is thought to folloǁ a siŵilaƌ ŵeĐhaŶisŵ ǁith depletioŶ of the ŶatuƌallǇ 
oĐĐuƌƌiŶg supeƌoǆide disŵutase. This iŶduĐes aŶ iŶflaŵŵatoƌǇ pƌoĐess aŶd 
iƌƌeǀeƌsiďle pulŵoŶaƌǇ fiďƌosis due to a seleĐtiǀe aĐĐuŵulatioŶ of paƌaƋuat iŶ the 
luŶgs.  

Theƌe aƌe thƌee ŵajoƌ ƌoutes of paƌaƋuat eǆposuƌe. The ŵost ĐoŵŵoŶ is aĐĐideŶtal 
oƌ iŶteŶtioŶal oƌal iŶgestioŶ. A solutioŶ of paƌaƋuat is daƌk ďƌoǁŶ Đolouƌ, aŶd 
ƌeseŵďles ƌoot ďeeƌ, Đola, daƌk ǀiŶegaƌ aŶd soǇ souƌĐe. SiŶĐe the paƌaƋuat solutioŶ is 
tasteless, it ĐaŶ ďe easilǇ used foƌ hoŵiĐide atteŵpts. The seĐoŶd ŵost ĐoŵŵoŶ 
ƌoute is thƌough skiŶ ĐoŶtaĐt, espeĐiallǇ iŶ iŶdiǀiduals ǁho haǀe pƌe-eǆistiŶg skiŶ 
lesioŶs. IŶhalatioŶ of paƌaƋuat is also a souƌĐe of paƌaƋuat eǆposuƌe. UsuallǇ, 
iŶhalatioŶ of spƌaǇ is uŶlikelǇ to Đause sǇsteŵiĐ toǆiĐitǇ ďeĐause of its loǁ ǀapouƌ 
pƌessuƌe aŶd the laƌge dƌoplets that aƌe foƌŵed. Hoǁeǀeƌ, ǁheŶ paƌaƋuat is used iŶ a 
ĐoŶfiŶed spaĐe, fatal pulŵoŶaƌǇ disease has oĐĐuƌƌed ;paƌaƋuat spƌaǇ iŶ a gƌeeŶ 
house [ϰ]Ϳ. 

PaƌaƋuat toǆiĐitǇ ĐaŶ pƌoduĐe ďoth loĐal aŶd sǇsteŵiĐ effeĐts. The ŵajoƌ aĐute loĐal 
effeĐts ƌesult fƌoŵ the ĐaustiĐ pƌopeƌties of the ĐheŵiĐal. This iŶĐludes ulĐeƌatioŶ of 
skiŶ aŶd ĐoƌŶea. IŶ iŶgestioŶ Đases, the ŵajoƌ effeĐts aƌe ďuƌŶiŶg aŶd ulĐeƌatioŶ of 
lips, toŶgue, phaƌǇŶǆ aŶd oesophagus, eǀeŶ to the poiŶt of pƌoduĐiŶg a 
pseudoŵeŵďƌaŶe ƌeŵiŶisĐeŶt of diphtheƌia aŶd oesophageal peƌfoƌatioŶ. The aĐute 
sǇsteŵiĐ effeĐts aƌe ŵostlǇ seeŶ afteƌ ŵassiǀe iŶgestioŶ;> ϯϬ ŵg/kg oƌ ϱϬ ŵL of the 
paƌaƋuat ĐoŶĐeŶtƌateͿ. PatieŶts ŵaǇ haǀe pulŵoŶaƌǇ oedeŵa, ĐaƌdiaĐ, ƌeŶal, oƌ 
hepatiĐ failuƌe, aŶd ĐoŶǀulsioŶ. Death ŵaǇ oĐĐuƌ ǁithiŶ seǀeƌal houƌs to a feǁ daǇs 
Đaused ďǇ ŵultiple oƌgaŶ failuƌe. 
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The ŵajoƌ suďaĐute toǆiĐitǇ is the pulŵoŶaƌǇ effeĐts, ǁhiĐh is hallŵaƌk of paƌaƋuat 
poisoŶiŶg. PulŵoŶaƌǇ oedeŵa ďegiŶs Ϯϰ to ϰϴ houƌs afteƌ iŶgestioŶ aŶd pƌoduĐes a 
sǇŶdƌoŵe ƌeseŵďliŶg adult ƌespiƌatoƌǇ distƌess. It pƌogƌesses to pulŵoŶaƌǇ fiďƌosis 
ǁithiŶ a feǁ daǇs iŶ a dose-depeŶdeŶt ŵaŶŶeƌ. The otheƌ suďaĐute toǆiĐitǇ effeĐts 
iŶĐlude ƌeŶal failuƌe, ŵetaďoliĐ aĐidosis, ŵǇoĐaƌditis aŶd ŶeĐƌosis of the adƌeŶal 
glaŶds. 

LaďoƌatoƌǇ aďŶoƌŵalities iŶĐlude uƌiŶe spot test foƌ paƌaƋuat, seŶsitiǀe oŶlǇ to ϭ ŵ 
g/ŵl. The use of ƌadioiŵŵuŶoassaǇ has iŵpƌoǀed the deleĐtaďilitǇ doǁŶ to ǁell 
ďeloǁ Ϭ.ϭ ŵ g/ŵl. RIA is useful foƌ eǀaluatiŶg pulŵoŶaƌǇ fuŶĐtioŶ aŶd ƌeŶal fuŶĐtioŶ.  

Goal of theƌapeutiĐ ŵaŶageŵeŶt is pƌiŵaƌilǇ diƌeĐted at ƌeŵoǀiŶg paƌaƋuat fƌoŵ the 
gastƌoiŶtestiŶal tƌaĐt, iŶĐƌeasiŶg its eǆĐƌetioŶ fƌoŵ ďlood aŶd pƌeǀeŶtiŶg pulŵoŶaƌǇ 
daŵages. To pƌeǀeŶt GI aďsoƌptioŶ, gastƌiĐ laǀage should ďe peƌfoƌŵed usiŶg 
diatoŵaĐeous ĐlaǇs iŶ the laǀage solutioŶ. The laǀage ŵust ďe peƌfoƌŵed ĐautiouslǇ 
iŶ ǀieǁ of the ulĐeƌatioŶ to pƌeǀeŶt ƌuptuƌe oƌ peƌfoƌatioŶ. AĐtiǀated ĐhaƌĐoal aŶd ioŶ 
eǆĐhaŶge ƌesiŶ also has ďeeŶ shoǁŶ to ďe aŶ effeĐtiǀe aďsoƌďeŶt. To ƌeŵoǀe 
paƌaƋuat fƌoŵ ďlood, the ŵost effeĐtiǀe ǁaǇs aƌe to ŵaiŶtaiŶ ƌeŶal fuŶĐtioŶ iŶ the 
eaƌlǇ stages aŶd to peƌfoƌŵ heŵodialǇsis oƌ heŵopeƌfusioŶ. The ŵaŶageŵeŶt of 
pulŵoŶaƌǇ daŵage is uŶiƋue aŶd iŵpoƌtaŶt iŶ paƌaƋuat poisoŶiŶg. LuŶg ĐhaŶges iŶ 
paƌaƋuat poisoŶiŶg aƌe siŵilaƌ to the diƌeĐt toǆiĐitǇ of high alǀeolaƌ oǆǇgeŶ teŶsioŶ. 
Thus, pƌeǀeŶtioŶ of supeƌoǆide ƌadiĐal foƌŵatioŶ ŵaǇ ďe aĐĐoŵplished ďǇ usiŶg loǁ 
ϬϮ ďƌeathiŶg ŵiǆtuƌes. The loǁ FlOϮ ŵiǆtuƌes should ďe used to pƌoduĐe theƌapeutiĐ 
hǇpoǆeŵia. Theƌe aƌe soŵe ƌepoƌts shoǁiŶg that eaƌlǇ adŵiŶistƌatioŶ of aŶ 
aŶtioǆidaŶt theƌapǇ, iŶĐludiŶg defeƌoǆaŵiŶe aŶd aĐetǇlĐǇsteiŶe, aƌe useful to liŵit 
sǇsteŵiĐ toǆiĐitǇ [ϱ]. The otheƌ ŵethods to ƌeduĐe oǆǇgeŶ toǆiĐitǇ haǀe also ďeeŶ 
pƌoposed suĐh as ĐaƌdiopulŵoŶaƌǇ ďǇpass. ReĐeŶtlǇ, theƌe is soŵe iŶteƌest iŶ usiŶg 
ŶitƌiĐ oǆide iŶhalatioŶ to tƌeat paƌaƋuat-iŶduĐed luŶg iŶjuƌǇ [ϲ] CoƌtiĐosteƌoids haǀe 
tƌaditioŶallǇ ďeeŶ used as ǁell as iŵŵuŶosuppƌessiǀe ageŶts, suĐh as azathiopƌiŶe 
aŶd ďeĐloŵethasoŶe. D-pƌopƌaŶolol ĐaŶ ďe used to displaĐe paƌaƋuat fƌoŵ luŶg. 
RadiotheƌapǇ to pƌeǀeŶt aŶd tƌeat pulŵoŶaƌǇ fiďƌosis is still ĐoŶtƌoǀeƌsial [ϳ]. IŶ 
seǀeƌe paƌaƋuat-iŶduĐed pulŵoŶaƌǇ fiďƌosis, luŶg tƌaŶsplaŶtatioŶ has ďeeŶ 
peƌfoƌŵed, ďut ǁithout suĐĐess [ϳ, ϴ]. 

IŶ suŵŵaƌǇ, the paƌaƋuat poisoŶiŶg thƌoughout the ǁoƌld is Ŷot ƌaƌe. The ŵoƌtalitǇ is 
high. ReĐogŶisiŶg the ĐliŶiĐal pƌeseŶtatioŶ aŶd gettiŶg the eǆposuƌe histoƌǇ, aŶd eaƌlǇ 
theƌapeutiĐ ŵaŶageŵeŶt aƌe ĐƌitiĐal to pƌeǀeŶt iƌƌeǀeƌsiďle pulŵoŶaƌǇ daŵage. 
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